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Cytoplasmic fine fibrillar inclusions with proper-
ties of amyloid occur as neurofibrillary tangles in
the brain and in the aging choroid plexus. In the
Dpresent study we show that inclusions, similar but
not identical to those in the choroid plexus, are
common in the adrenal cortex of elderly persons.
The inclusions consist of aggregates of parallel fine
Jfibrils, often in contact with lipid droplets and par-
tially limited by a membrane. The inclusions bave
affinity for Congo red and exhibit a bright green
birefringence after this staining. Therefore, the in-
clusions can be regarded as a form of senile amy-
loid. (Am J Patbol 1990, 136:461-466)

In the systemic amyloidoses, deposits of fibrillar proteins
occur extracellularly in a variety of tissues. Several differ-
ent proteins can give rise to the fibrils but each protein
is characteristic of a certain amyloid syndrome. There is
strong evidence that the molecular arrangement of the
protein subunits is characteristic of the amyloid fibril and
that this is responsible for the unique properties of them.’
One such property of importance for the study of the dis-
eases is green birefringence in polarized light after stain-
ing with Congo red.

Small depositions of a material, histologically and ultra-
structurally similar to the amyloid in the systemic amy-
loidoses and occurring in certain tissues without any evi-
dence of systemic disease, are more common. The brain
and several polypeptide hormone-producing tissues as
well as a few other tissues are especially prone to contain
such localized deposits. Although these depositions usu-
ally are believed to be of no clinical importance per se, it
is probable that they reflect a pathologic event in the
affected tissue. Therefore, knowledge of the nature of the
microdepositions could give insight both in the normal
function of the tissue and in pathologic conditions.

In a pilot study of amyloid deposits in different endo-
crine tissues, we observed small deposits with amyloid

properties within the cytoplasm of the cortex of the adre-
nal glands.? This prompted us to begin the present study,
which shows that such deposits are very common and
age related. Furthermore, we show that these inclusions
have some resemblance to the deposits seen in the cho-
roid plexus in older persons.

Materials and Methods
Patients

The adrenal glands were removed at autopsy from 114
randomly chosen patients. The material is schematically
presented in Table 1.

Light Microscopy

Pieces of the adrenal glands and samples from the cere-
brum, choroid plexus, left ventricle of the heart, lungs, and
kidneys were fixed in 4% formaldehyde solution. They
were embedded in paraffin, sectioned, and stained with
van Gieson stain and alkaline Congo red. Sections with
the latter stain were studied in polarized light.

Electron Microscopy

For electron microscopic studies, small pieces of the
adrenal cortex were fixed in 2% glutaraldehyde in 0.1M
sodium cacodylate buffer, pH 7.2, containing 0.1M su-
crose and postfixed for 90 minutes in 1% osmium tetrox-
ide in the cacodylate buffer. The tissue pieces were then
treated with 1% uranyl acetate in 50% ethanol overnight
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Table 1. Frequency of Intracellular Amyloidlike Fibrils
in Adrenal Cortex in Different Ages

Age of patients (years) Positive Negative % Positive
-60(n = 11) 0 11 0
60-69 (n = 21) 0 21 0
70-79 (n = 35) 11 24 31
80-89(n=37) 21 16 57
90-99 (n = 10) 9 1 90
Total (n = 114) 4 73 36

and embedded in Agar 100 (Agar Aids, Stansted, Essex,
England). Ultrathin sections were contrasted with lead ci-
trate and studied in a JEOL 100 C electron microscope
at60 kVv.

Immunohistochemistry

Immunohistochemical studies were performed on the
adrenals of four patients with varying amounts of cy-
toplasmic amyloid inclusions. For negative control an
adrenal gland from a newborn child without any inclusions
was used.

Figure 1. Cortical epitbelial cells some of which contain many needle-shaped amyloid inciusions (arrows) showing affinity for Congo
red(A) and a bright green birefringence in polarized light after such staining(B). X 1200.

Antibodies to human transthyretin (TTR) and to retinol-
binding protein (RBP) were obtained from DAKO (Copenha-
gen, Denmark). Rabbit antibodies to cellular RBP (cRBP)
were a gift from Dr. C Busch, Uppsala, Sweden. Rabbit anti-
sera to amyloid protein AA 3 the TTR-related amyloid protein
ASc,,* islet amyloid polypeptide (IAPP),5 and to the subunit
protein of isolated atrial amyloid (AA)® have been character-
ized previously. As positive control for anti-TTR we used
choroid plexus and for anti-RBP and anti-cRBP liver tissue
was used. For anti-lAPP and anti-AA subunit protein we
used pancreatic tissue from a diabetic patient and atrial ma-
terial from a patient with known local amyloidosis in the atria,
respectively. For negative controls, the primary antiserum
was replaced by nonimmunoserum.

Deparaffinized tissue sections were incubated with the
primary antisera overnight at room temperature and sub-
jected to the peroxidase-antiperoxidase method.” For vi-
sualization of the immune reaction, 3',3-diaminobenzidine
(Sigma Chemical Co, St. Louis, MO) was used. All primary
antisera were applied in dilution 1:200 to 1:800.

Results

Cytoplasmic inclusions with affinity for Congo red and a
bright green birefringence after such staining often oc-




Figure 2. A: Electron microscopic picture of an adrenal cell containing many amyloid inclusions (arrows). Most of the inclusions
are in contact with lipid droplets and some are partially limited by a membrane. The fibrils are densely packed in some of the
inclusions. X 20,000.
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Figure2. B: Intracellular bundles of fibrils, at least partially limited by a membrane (arrows). Lipid droplets are in the same compart-
ment as the fibrils and in close contact with them. Detail of Figure 24, X 33,500.

curred in the adrenal cortex (Figure 1). The inclusions
were mainly located in parenchymal cells of the zona
glomerulosa, but in some cases such structures were also
identified in cells of the zona fasciculata and reticularis.
The inclusions had a needle-shaped appearance and,
sometimes, large amounts occurred in effected cells. Of-
ten clusters of cortical cells were loaded with such inclu-
sions. The deposits did not seem to occur outside the
cells, although the existence of extracellular material
could not be dismissed with certainty in every case.

Frequency Study

Inclusions were identified in 41 of the 114 patients who
were 70 years and older (Table 1). No intracellular adrenal
deposits were seen in patients younger than 70 years.
There was no significant difference between men and
women. In many cases, localized amyloid deposits were
found in the brain and in the choroid plexus. No correlation
between such deposits and the occurence of adrenal de-
posits were demonstrated. In three patients, two with se-
nile systemic amyloidosis and one with primary (AL) sys-
temic amyloidosis, amyloid depositions in adrenal vessel
walls were demonstrated. Only the patient with primary
systemic amyloidosis also had intracellular adrenal de-
posits.

Electron-microscopic Findings

Adrenal cortex from two patients with massive cytoplas-
mic inclusions were studied electron microscopically. In
both cases, many bundles of more or less parallel fibrils
were identified in many cortical epithelial cells (Figure 2a).
The fibrils were sometimes densely packed but more
loosely arranged bundles also occured. The fibrils were
about 12 to 15 nm in width and seemed to consist of
two fine filaments with a diameter of approximately 6 nm
(Figure 3). No regular periodic twisting could be demon-
strated. Many lipid droplets occurred in close contact with
the fibril bundles (Figures 2b and 3), which often were
partially limited by a membrane (Figure 2).

Immunohistochemistry

No reaction with adrenal cells or with the intracellular inclu-
sions was obtained when antisera to TTR, ASc1, RBP,
IAPP, or subunit protein of IAA was used. A strong reac-
tion was obtained within almost all cortical cells of the
zona glomerulosa when anti-cRBP was used. This reac-
tion was seen regardless of age or the occurrence of cy-
toplasmic inclusions. The reaction product was some-
what granular and seemed to be unevenly distributed in
the cells. The intracellular inclusions did not react.
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Figure 3. A bundle of intracellular fibrils in contact with lipid droplets. X 81,000.

Discussion

Small depositions of amyloid are very common in several
tissues in elderly persons.® The nature of some of these
have been elucidated during the last years. The deposits
are mainly located extracellularly. Intracellular depositions
with staining properties of amyloid occur in neurons in the
cerebral cortex as neurofibrillary tangles,®'2 in human up-
per cervical ganglia' and in the epithelial cells of the cho-
roid plexus.'*'® To these forms we now add the inclu-
sions commonly found in the adrenal cortex.

The term amyloid is usually referred to as an extracel-
lular material with certain staining properties, characteris-
tic ultrastructural appearance, and typical X-ray diffraction
pattern.! All amyloids that fulfill all of these criteria are, at
least mainly, polymers of small proteins or polypeptides,
usually with a molecular mass less than 20 kd.! Whether
the intracellular fibrillar inclusions in the nervous tissue, the
choroid plexus, and the adrenal cortex should be re-
garded as a form of amyloid can be a matter of discus-
sion. They all exhibit green birefringence after staining
with Congo red, have a fine fibrillar ultrastructure, and are
resistant to solvents like other amyloid fibrils (Eriksson and

Westermark, unpublished observation). Furthermore, in
the case of neurofibrillary tangles, a 8-pleated sheet con-
formation has been demonstrated.” It has not been
shown in a definite way, however, that any of the intracel-
lular inclusions are comprised of small proteins. Although
the small B-protein, typical of the amyloid in congophilic
angiopathy and in the plaque cores, has been reported
to constitute the neurofibrillary tangles,18 most evidence
indicates that these inclusions, at least mainly, consist of
the microtubule-associated protein tau.'%-24

Amyloid deposits are known to occur in a variety of
endocrine tissues. The fibril proteins that have been char-
acterized from localized deposits in endocrine tissues
have all originated from polypeptide hormones. Thus, in
medullary carcinoma of the thyroid, the amyloid is derived
from procalcitonin.2> Amyloid in the islets of Langerhans
and in insulin-producing tumors consists of the putative
polypeptide hormone IAPP.2 In isolated atrial amyloid
(IAA), which is the most common amyloid form affecting
the heart, the amyloid fibril is derived from atrial natriuretic
factor (ANF).® The nature of the inclusions in the adrenal
cortical cells is unknown and no reaction was obtained
with the amyloid protein antisera used in this study. Re-
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garding their intracellular nature, it is possible that these
inclusions are derived from cytoskeletal rather than from
secretory proteins.

References

10.

11.

12.

. Glenner GG: Amyloid deposits and amyloidosis. The g-fi-

brilloses. New Engl J Med 1980, 302:1283-1292 and 1333-
1343

. Westermark P, Cornwell GG Ill: Varied composition and na-

ture of senile localized amyloid: Implication for varied mecha-
nism of pathogenesis, Amyloidosis, Edited by Glenner GG,
Osserman EF, Benditt EP, Calkins E, Cohen AS, Zucker-
Franklin D. New York, Plenum Press, 1986, pp. 659-668

. Westermark GT, Westermark P, Sletten K: Amyloid fibril pro-

tein AA. Characterization of uncommon subspecies from a
patient with rheumatoid arthritis. Lab Invest 1987, 57:57-64

. Pitkdnen P, Westermark P, Cornwell lll GG: Senile systemic

amyloidosis. Am J Pathol, 1984, 117:391-399

. Westermark P, Wilander E, Westermark GT, Johnson KH:

Islet amyloid polypeptide-like immunoreactivity in the islet B-
cells of Type 2 (non-insulin-dependent) diabetic and non-
diabetic individuals. Diabetologia 1987, 30:887-892

. Johansson B, Wernstedt C, Westermark P: Atrial natriuretic

peptide deposited as atrial amyloid fibrils. Biochem Biophys
Res Commun 1987, 148:1087-1092

. Sternberger LA, Hardy PH Jr, Cucutis JJ, Meyer HG: The

unlabelled antibody enzyme method for immunohistochem-
istry: Preparation and properties of soluble antigen-antibody
complex (horseradish peroxidase-antihorseradish peroxi-
dase) and its use in identification of spirochetes. J Histo-
chem Cytochem 1970, 18:315-333

. Cornwell GG Ill, Westermark P: Senile amyloidosis: A pro-

tean manifestation of the aging process. J Clin Pathol 1980,
33:1146-1152

. Kidd M: Paired helical filaments in electron microscopy in

Alzheimer's disease. Nature 1963, 197:192-193

Burger PC, Vogel FS: The development of the pathologic
changes of Alzheimer's disease and senile dementia in pa-
tients with Down’s syndrome. Am J Pathol 1973, 2:457-468
Wisniewski HM, Narang HK, Terry RD: Neurofibrillary tangles
of paired helical filaments. J Neurol Sci 1976, 27:173-181
Glenner GG: Current knowledge of amyloid deposits as ap-
plied to plaques and congophilic angiopathy, Alzheimer's
disease, senile dementia and related disorders. Vol 7, Aging.
Edited by Katzman R, Terry RD, Bick KL. New York, Raven
Press, 1978, pp. 493-501

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Kawasaki H, Murayama S, Tomonaga M, lzumiyama N and

Shimada H: Neurofibrillary tangles in human upper cervical
ganglia. Acta Neuropathol 1987, 75:156-159

Biondi G: Zur Histopathologie des menschlichen Plexus
Choroideus und des Ependyms. Arch Psychiatr Nervkrankh
1934, 101:666-728

Divry P: De la nature des formations argentophiles des
plexus choroideus. Acta Neurol Psychiatr Belgica 1955, 55:
282-283

Eriksson L, Westermark P: Intracellular neurofibrillary tangle-
like aggregations. A constantly present amyloid alteration in
the aging choroid plexus. Am J Pathol 1986, 125:124-129
Kirschner DA, Abraham C, Selkoe DJ: X-ray diffraction from
intraneuronal paired helical filaments and extraneuronal am-
yloid fibers in Alzheimer disease indicate cross-8 conforma-
tion. Proc Natl Acad Sci USA 1986, 83:503-507

Masters CL, Multhaup G, Simms G, Pottgeiser J, Martins RN,
Beyreuther K: Neuronal origin of a cerebral amyloid: Neuro-
fibrillary tangles of Alzheimer’'s disease contain the same
protein as the amyloid of plaque cores and blood vessels.
EMBO J 1985, 11:2757-2763

Delacourte A, Defossez A: Alzheimer's disease: Tau pro-
teins, the promoting factors of microtubule assembly, are
major components of paired helical filaments. J Neurol Sci
1986, 76:173-186

Haugh MC, Probst A, Ulrich J, Kahn J, Anderton BH: Alzhei-
mer neurofibrillary tangles contain phosphorylated and hid-
den neurofilament epitopes. J Neurol Neurosurg Psych
1986, 49:1213-1220

Perry G, Rizzuto N, Autilio-Gambetti L, Gambetti P: Paired
helical filaments from Alzheimer disease patients contain cy-
toskeletal components. Proc Natl Acad Sci USA 1985, 82:
3916-3920

Sternberger NH, Sternberger LA, Ulrich J: Aberrant neurofil-
ament phosphorylation in Alzheimer disease. Proc Natl Acad
Sci 1985, 82:4274-4276

Kosik KS, Joachim CL, Selkoe DJ: Microtubule-associated
protein tau is a major antigenic component of paired helical
filaments in Alzheimer disease. Proc Natl Acad Sci USA
1986, 83:4044-4048

Joachim CL, Morris JH, Selkoe DJ, Kosik KS: Tau epitopes
are incorporated into a range of lesions in Alzheimer's dis-
ease. J Neuropathol Exp Neurol 1987, 46:611-622

Sletten K, Westermark P, Natvig JB: Characterization of am-
yloid fibril proteins from medullary carcinoma of the thyroid.
J Exp Med 1976, 143:993-998

Westermark P, Wernstedt C, Wilander E, Hayden DW,
O'Brien TD, Johnson KH: Amyloid fibrils in human insuli-
noma and islets of Langerhans of the diabetic cat are de-
rived from a novel neuropeptide-like protein also present in
normal islet cells. Proc Natl Acad Sci USA 1987, 84:3881-
3885



